Personal attitude toward ambiguity contributes to individual differences in decision making in uncertain situations. Operationally, these attitudes reflect the various coping strategies elected to overcome the limited information. A key brain region involved in cognitive control for performance adjustments is the dorsal anterior cingulate cortex (dACC). To test how dACC functional network connectivity would be modulated by uncertainty and differ between individuals, 24 healthy participants underwent functional MRI in 3 sequential runs: 1 resting-state and 2 decision-making task runs. Individuals with lower nonplanning impulsiveness made greater use of a Pass option and avoided uncertain ambiguous situations. Seedbased functional connectivity analysis during the task runs revealed that stronger activation synchrony between the left dACC and the right anterior insula correlated with greater use of a Pass response option. During the resting-state, stronger resting-state functional connectivity between the left dACC and the ventral striatum predicted the adoption of Pass as a behavioral strategy and correlated with stronger task-activated synchrony between the dACC and the right anterior insula. Our findings indicate that that the synchrony between the dACC and insula-striatal circuitry was greater in individuals with low compared with high nonplanning impulsiveness and contributed to adopting Pass as a useful behavioral strategy.
Introduction
Decision making requires the ability to adopt behavioral strategies to accommodate to specific contexts and to weigh the number and nature of available options to enhance chances of making a desirable or advantageous decision. Many decisions, however, must be made with limited information to inform or predict outcomes, situations resulting in risky choices because of uncertainty (Huettel et al. 2006) . Individuals differ widely in risk perception and in willingness to engage in uncertain situations, which affects coping strategies to overcome uncertainty and biases recruitment of neural networks engaged (Critchley et al. 2001; Hsu et al. 2005) .
Converging evidence indicates that processing uncertainty is associated with 2 distinct neural circuits: decisions involving risk, that is, uncertainty with known probabilities, are associated with the orbitofrontal cortex and the rostral extent of the anterior cingulate cortex (rACC), whereas decisions involving ambiguity, that is, uncertainty with unknown probabilities (Huettel et al. 2006) , are associated with the dorsolateral prefrontal cortex and the dorsal extent of the anterior cingulate cortex (dACC) (Krain et al. 2006) . Although risk can be computed by the expected probabilities of different options, the cognitive processes that contribute to ambiguity are still under debate (Huettel et al. 2006) . Based on the notable overlaps between the neural networks associated with uncertainty and networks subserving cognitive control (Mushtaq et al. 2011 ), the cognitive control of adaptive behavior in uncertain situations has emerged as a process requiring a neurally based mechanism (Behrens et al. 2007; Rushworth and Behrens 2008) .
The dACC has been considered to be a principal locus of conflict monitoring (Carter et al. 1998) . Its function has been implicated in various uncertainty-related paradigms, including hypothesis testing (Elliott and Dolan 1998) , anticipatory arousal (Critchley et al. 2001) , prediction difficulty (Schubotz and von Cramon 2002) , volatility in information (Behrens et al. 2007) , and belief updating (Stern et al. 2010) . Recently, the dACC was implicated in context monitoring and executive control signaling, which functions are purported to adjust behavior and guide performance in line with other prefrontal cortical activities (Ridderinkhof et al. 2004; Walton et al. 2004; Venkatraman, Rosati, et al. 2009 ). Imaging studies have demonstrated that functional connectivity between the dACC and the anterior insula predicted loss-minimizing choices, whereas the functional connectivity between the dACC and the dorsolateral prefrontal cortex predicted strategies attending to overall probability of winning (Venkatraman, Payne, et al. 2009) . Although these results demonstrate that the dACC shapes behavioral choices through changes in its functional connectivity, it remains unclear whether the dACC is part of a cognitive control network engaged when adopting a new strategy to optimize responses in ambiguous situations, or, alternatively, is part of an intrinsic functional network marking an intrinsic preference (e.g., harm avoidance) predisposing adoption of a particular response strategy.
We developed a novel decision-making task for use with functional imaging that provided "Pass" as an alternative response option to avert ambiguous situations. We considered the use of Pass as a behavioral measure of ambiguity aversion and its related cognitive processes. The dACC is typically engaged in multiple-choice situations that involve uncertainty (Venkatraman, Payne, et al. 2009 ) and in risk taking (Rao et al. 2008 ). Thus, we tested the hypothesis that patterns of functional connectivity of the dACC with the anterior insula and the dorsolateral prefrontal cortex would be modulated in situations that require behavioral adaption to uncertainty (Sheth et al. 2012) . The dACC and the anterior insula are further proposed to shape human behavior in uncertain situations (Critchley et al. 2001; Krain et al. 2006; Watson 2008; Mohr et al. 2010) . Accordingly, we examined whether an intrinsic functional connectivity pattern between the dACC and the anterior insula could predict the behavioral responses related to adopting Pass as a behavioral strategy.
Operationally, the ability to deal with ambiguity evokes various coping strategies to account for the limited information; however, the component processes that contribute to ambiguity aversion are incompletely understood (Huettel et al. 2006; Bach et al. 2009) . In this study, we examined how individual differences in impulsivity affect the neural and behavioral responses to uncertain ambiguous stimuli. Previous studies proposed that impulsive individuals fail to consider multiple contexts in uncertain situations and reported that impulsivity was associated with weaker prefrontal activations in ambiguous decision making (Huettel et al. 2006) . We addressed this issue by hypothesizing that individuals with lower impulsivity would be less willing, or more hesitant, to engage in uncertain ambiguous situations (ambiguity aversive) and would make more use of the "Pass" response option. Accordingly, we examined whether resting-state connectivity strength, as a marker of intrinsic functional connectivity, between the dACC and the anterior insula can predict behavioral responses related to adopting Pass as a behavioral strategy.
Materials and Methods

Participants
Participants were 24 adults (16 men, 8 women; mean age: 47.0 years, SD = 11.6; Supplementary Table S1 ). All were recruited from the local community through flyers, announcements, or word of mouth and provided written informed consent to participate, which was approved by the Institutional Review Boards of Stanford University School of Medicine and SRI International. All participants were administered the Structured Clinical Interview for DSM-IV-TR (First et al. 1997 ) by a clinical research psychologist or research nurse to exclude those who met criteria for a life-time Axis I psychiatric diagnosis.
Procedure and Stimuli
Task stimuli consisted of sets of white solid-colored circles on a black background, emulating scattered coins (Fig. 1A) . Each stimulus was presented for 2000 ms; the participants were asked to estimate quickly whether the total number of coins was odd or even. The task consisted of 2 conditions: 1) a certain condition, in which the participants could easily estimate the correct answer; and 2) an uncertain condition, in which the coins were overlapped and the borders were blurred, so the participants could only make a guess. Each response was immediately followed by feedback, indicating correct (gain 1 point) or incorrect (lose 1 point). Each participant underwent 3 sequential runs (Fig. 1B) : one resting-state run (REST run 1) and 2 task runs, which were designed in the same manner with the exception that "NO-PASS run 2" allowed only 2 response options ( press 1 if Odd or press 2 if Even), whereas "PASS run 3" provided 3 response options ( press 1 if Odd, press 2 if Even, press 3 if Pass). If the participant chose Pass, the task moved to the next trial without any gain or loss. The participants were informed that the usage of the Pass option was their choice, and no further explicit instructions about how to use the Pass option was given. The uncertain trials were designed to elicit a prediction error because the percent of correct feedback was fixed at 22.2%, regardless of the participant's responses. In this way, the task was designed into 2 sequential run: NO-PASS run 2and PASS run 3, in which the participant had to decide whether to keep guessing between ODD and EVEN or to make ambiguous-aversive choices by pressing the Pass option. Stimuli were presented via E-prime software (Psychology Software Tools, Inc.), and the participants responded through a keypad connected to the laptop running E-prime. Each task run was composed of 4 certain blocks and 4 uncertain blocks, which were presented in a pseudorandomized order with 12-s interval between the blocks. Each block consisted of 9 trials. Accuracy and reaction times (RT) were recorded. For data analysis, the subjects were divided into 2 groups-high-Pass (HP) group (N = 12) and low-Pass (LP) group (N = 12)-according to the percentage of Pass responses made.
Prior to the scanning session, participants repeated a practice run until accuracy rate exceeded 90% for the certain trials. The practice run was first rehearsed without a Pass option and then with a Pass option. After the scanning session, the participants completed a debriefing questionnaire evaluating their attribution about the task difficulty on a 9-point Likert scale, that is, "Why do you think the uncertain trials were difficult? (1 = totally due to me, 9 = totally due to the task)." In addition, impulsivity was measured through the selfreport, the Barratt Impulsiveness Scale (BIS; Patton et al. 1995) , which comprises 3 subscales: 1) Motor Impulsiveness, characterized by acting on the spur of the moment and an inconsistent lifestyle; 2) Cognitive (Attention) Impulsiveness, reflecting difficulty in focusing on the task at hand and involving "thought insertions and racing thoughts;" and 3) Nonplanning Impulsiveness, characterized by lack of planning and cognitive complexity.
Image Acquisition MR imaging was conducted on a GE (General Electric Medical Systems, Signa, Waukesha, WI, USA) 3T whole body MRI scanner equipped with an 8-channel head coil. A dual fast spin-echo anatomical scan (axial acquisition; time echo [TE] = 17/98 ms; time repetition [TR] = 5000 ms; field of view [FOV] = 24 cm; 256 × 256 matrix; NEX = 1.0; slice thickness = 5 mm; 36 slices) was acquired together with the fMRI data. A field map was generated from a gradient recalled echo (GRE) sequence pair (TE = 3/5 ms, TR = 460 ms, slice thickness = 2.5 mm, 62 slices; (Pfeuffer et al. 2002) . High-order shimming was performed before the functional scans (Kim et al. 2002) . Whole-brain fMRI data were acquired with a gradient echo planar pulse sequence (axial, mode = 2D, scan timing: TE = 30 ms, TR = 2200 ms, flip angle = 90, matrix = 64 × 64, slice thickness = 5 mm, 36 slices). Two task runs of 6:14 min each, synchronized with the beginning of fMRI volume acquisitions, were acquired. Before the task runs, a resting-state run of 5:02 min was acquired, during which subjects were instructed to lie still with eyes opened, relaxed, and not to fall asleep.
Image preprocessing and fMRI Contrast Analysis
Spatial preprocessing and statistical analysis of functional images were performed using SPM8 (Wellcome Department of Cognitive Neurology). Motion artifacts were assessed in individual subjects by visual inspection of realignment parameter estimations to confirm that the maximum head motion in each axis was <2 mm and absent any abrupt head motion. One participant was excluded from the restingstate functional connectivity analysis due to excessive movement during the scan (>4 mm). Functional images were realigned and unwarped (correction for field distortions) using the gradient echo field maps (constructed from the complex difference image between 2 echoes [3 and 5 ms] of the GREs series). Unwarped functional images were registered to structural images for each subject. The anatomical volume was then segmented into gray matter, white matter, and cerebrospinal fluid. The gray matter image was used for determining the parameters of normalization onto the standard Montreal Neurological Institute gray matter template. The spatial parameters were then applied to the realigned and unwarped functional volumes that were finally resampled to voxels of 2 × 2 × 2 mm and smoothed with an 8-mm full-width at half-maximum kernel.
Individual statistics were computed using a general linear model approach (Friston et al. 1995) as implemented in SPM8. Statistical preprocessing consisted of high-pass filtering at 128 s, low-pass filtering through convolution with SPM8 canonical hemodynamic response function and global scaling. A random effect analysis was conducted for group averaging and population interference, where 1 image per contrast was computed for each subject, and these images were subjected to t-test, which produced a statistical image for the contrast Uncertain > Certain (UNC > CER) in each subject. The contrast UNC > CER of each subject entered in 1-sample t-test (N = 24) with a familywise error (FWE) corrected P-value height threshold of 0.05 and k = 10 as extent threshold for multiple comparison for the whole brain. A 2-sample t-test compared the HP group and the LP group; an uncorrected P-value height threshold of 0.001 and k = 20 as extent threshold for the whole brain was used.
Functional Connectivity Analyses
For functional connectivity analysis, the dACC seed (x = −4, y = 32, z = 32) was derived from the significant cluster in the t-contrast UNC > CER (Table 1) . Seed-to-voxel connectivity was measured by correlating the time course of the BOLD activity of each task and resting-state run. Before averaging individual voxel data, the waveform of each brain voxel was filtered using a bandpass filter (0.0083/s < f < Inf for task runs; 0.0083/s < f < 0.15/s for resting-state run) to reduce the effect of low-frequency drift and high-frequency noise. Signals from the ventricular regions and signal from the white matter were removed from the data through linear regression. Connectivity analysis was conducted with the "conn" toolbox, implemented in the SPM8 (http://www.fil.ion.ucl.ac.uk/spm/ext/). To extract the brain regions that had significant functional connectivity with the dACC seed, we created exclusive masks for each group with SPM maps with a threshold at P < 0.05. Statistical inferences were thresholded using an uncorrected P-value height threshold of 0.001 for the whole-brain volume with a minimum cluster extent of 30 contiguous voxels.
Statistical Analysis
To examine brain-behavior relationships, we extracted the Fishertransformed Z-value measures of functional connectivity between the dACC seed and the target regions of interest (ROIs) that were identified clusters through functional connectivity analysis of the task runs. Based on our hypotheses, the target ROIs for the connectivity analysis were the right anterior insula (NO-PASS run 2 [x = 38, y = 12, z = 0]; PASS run 3 [x = 28, y = 22, z = 8]) and right dorsolateral prefrontal cortex (NO-PASS run 2 [x = 46, y = 40, z = 12]; PASS run 3 [x = 32, y = 30, z = 28]). In addition, the right precuneus (PASS run 3 [z = 12, y = −68, z = 44]) was selected as a ROI to examine the recruitment of the default mode network (Fransson and Marrelec 2008) relative to recruitment of a task-activated network during external agency (Ruby and Decety 2001) . We further selected the ventral striatum as an ROI (REST run 1 [x = 16, y = 6, z = −12], [x = −6, y = 2, z = 0]), because it is part of the reward circuit (Redgrave et al. 2011 ) and structurally interconnected with anterior insula (Chikama et al. 1997; Fudge et al. 2005) . Recent studies have reported that resting-state ventral striatal activity predict anterior insular activity (Cauda et al. 2011) .
To compare behavioral performance (accuracy rate, RT) and the functional seed-target connectivity across runs, we conducted a repeated measures analysis of variance (ANOVA) with 2-tailed P < 0.05. The task consisted of 2 conditions: a certain condition, in which the participants could easily estimate the correct answer; and an uncertain condition, in which the coins were overlapped and the borders were blurred so the participants could only make a guess. (B) Each participant underwent 3 serial runs: REST run 1, NO-PASS run 2, and PASS run 3. The task runs were repeated in the same manner with the exception that NO-PASS run2 allowed only 2 response options (Odd or Even), whereas PASS run 3 provided 3 response options (Odd, Even, or Pass).
Pearson correlations tested relations between the functional seedtarget connectivity and mean RTs. Spearman correlation analyses tested relations between the functional seed-target connectivity and 1) the percentage of Pass responses and 2) the subjective attribution of uncertainty. To correct for multiple correlation analyses, we applied a false discovery rate corrected threshold (P = 0.010) that was calculated according to the procedure of Benjamini and Hochberg (1995) . Discriminant function analysis determined whether connectivity could predict a subject would be a HP or a LP. Statistical analyses were conducted with SPSS (Chicago, IL, USA).
Results
Use of Pass Responses
Participants underwent 3 sequential runs: REST run 1, NO-PASS run 2, and PASS run 3. The percentage of Pass responses, measured only in PASS run 3, was highly variable across subjects (9-100%) and represented a bimodal distribution ( Fig. 2A) . Subjects who made Pass responses >50%, which was the median, were defined as the HP group (n = 12), whereas subjects who made Pass responses less than 50% of the time were defined as the LP group (n = 12). The mean percentage of Pass response of the HP group (82.4%, SD = 12.5) was significantly higher than that of the LP group (26.3%, SD = 11.0; t = 11.199, P < 0.001) (Fig. 2B) . There was no significant difference between the HP group and LP group in age, sex, education years, or estimated IQ (Supplementary  Table S1 ).
Accuracy Rate and Reaction Time
In certain trials, the mean percentage of correct responses exceeded 97.0% in both the HP group and the LP group. ANOVA indicated that there was no significant effect of group (F 1,22 = 0.597, P = 0.449) or run (F 1,22 = 0.242, P = 0.628) on the accuracy rate. In uncertain trials, the percentage of correct feedback was predetermined at 22.2% and was unrelated to the subjects' responses. However, whenever a subject failed to respond within 2000 ms (missing response), a negative feedback (no response was detected) was presented and was counted as an incorrect response. ANOVA revealed significant effects of group (F 1,22 = 24.646, P < 0.001) and run (F 1,22 = 210.408, P < 0.001) on the accuracy rate (Supplementary Table S2 ). Threshold was FWE-corrected P < 0.05 (T = 5.04), k E > 10 voxels for the whole brain. ANOVA indicated significant effects of group (F 1,22 = 7.607, P = 0.011), run (F 1,22 = 19.858, P < 0.001), and condition (uncertain vs. certain, F 1,22 = 142.486, P < 0.001) on the mean RT ( Supplementary Fig. S1 ). The group-by-condition interaction was also significant (F 1,22 = 6.063, P = 0.022) with the HP group (certain = 821.5 ms, SD = 116.6 ms; uncertain = 1184.4 ms, SD = 272.1 ms) demonstrating faster RT in uncertain trials relative to the LP group (certain = 906.5 ms, SD = 192.3 ms; uncertain = 1458.0, SD = 191.1 ms).
Correlation Between Impulsiveness and Behavioral Performance During PASS run 3, the percentage of Pass responses demonstrated a negative correlation trend with nonplanning impulsiveness (ρ = −0.456, P = 0.025) but not with cognitive impulsiveness (ρ = 0.146, P = 0.496) or motor impulsiveness (ρ = −0.387, P = 0.061). The negative correlation between Pass responses and nonplanning impulsiveness was driven mainly by the HP group (r = −0.819, P = 0.001) and not the LP group (r = −0.221, P = 0.490; Fig. 3A ).
During PASS run 3, slower RTs in uncertain trials correlated with nonplanning impulsiveness (ρ = 0.533, P = 0.007), but not with cognitive impulsiveness (ρ = 0.093, P = 0.665) or motor impulsiveness (ρ = 0.356, P = 0.088). This positive correlation between slower RTs and nonplanning impulsiveness was significant within the LP group (r = 0.709, P = 0.010) but not within the HP group (r = 460. P = 0.132; Fig. 3B ). The correlation between RTs in certain trials and impulsiveness was not significant.
Subjective Attribution
The HP group had a stronger attribution to external factors (i.e., "The task was too difficult") than internal factors (i.e., "I was not good") in comparison with the LP group. The mean score of the HP group (6.9, SD = 1.6) in response to "Why do you think the uncertain trials were difficult?" was significantly higher than that of the LP group (5.6, SD = 1.3; t = 2.263, P = 0.034).
Brain Activations Associated With Uncertainty
In NO-PASS run 2, when Pass was not a response option, the contrast between uncertain and certain trials (UNC > CER) was associated with significant BOLD responses in the left dorsal anterior cingulate cortex (dACC), right superior and inferior frontal gyrus, right and left anterior insula, right inferior parietal lobule, left inferior parietal sulcus (IPS), right fusiform gyrus, and the cerebellum (7b and Crus II). In PASS run 3, when Pass was as an alternative option, uncertain trials in contrast to certain trials (UNC > CER) was associated with significant BOLD activity in the dACC, precentral gyrus, right inferior parietal lobule, right IPS, and left cerebellum (Crus I and II) ( Table 1) .
Between-group differences were observed in the cerebellum, which demonstrated stronger BOLD responses in the LP group relative to the HP group (Supplementary Table S5 ). By contrast, the difference between certain trials to uncertain trials (CER > UNC) showed no significant brain activations either in NO-PASS run 2 or PASS run 3.
Functional Connectivity of the dACC in Task Runs
In NO-PASS run 2, left dACC activity synchronized with activations in the left dorsolateral prefrontal cortex, bilateral anterior insula, bilateral precentral gyrus, and bilateral IPS in the HP group but not the LP group. In PASS run 3, left dACC activity synchronized with activations of the bilateral frontal pole, ventromedial prefrontal cortex (vmPFC), bilateral anterior insula, right precentral gyrus, left ventral striatum, bilateral left ventral pallidum, posterior cingulate cortex (PCC), right precuneus and the bilateral calcarine gyrus in the HP group but not the LP group (Supplementary Table S6 ). 
Functional Connectivity of the dACC in Resting-State Run
The left dACC showed synchronous activity with the right frontal pole, left dorsolateral prefrontal cortex, ACC, right and left ventral striatum, and dorsomedial thalamus in the HP but not the LP group. In contrast, the left dACC showed synchronous activity with the right dorsolateral prefrontal cortex, bilateral precentral gyrus, superior frontal gyrus, PCC, and the right cerebellum in the LP but not the HP group (Supplementary Table S7 ).
Correlation Between Task-Activated Functional Connectivity and Behavioral Response
Greater use of the Pass option correlated with stronger synchronous activity between left dACC and right anterior insula (Fig. 4A) , both in NO-PASS run 2 (ρ = 0.581, P = 0.003) and PASS run 3 (ρ = 0.574, P = 0.003; Fig. 4C ). By contrast, less use of Pass correlated with stronger synchronous activity between the left dACC and the right dorsolateral prefrontal cortex, both in NO-PASS run 2 (ρ = −0.559, P = 0.005) and PASS run 3 (ρ = −0.594, P = 0.002; Fig. 4F ). Discriminant function analysis demonstrated that the dACC-right anterior insula synchrony and dACC-right dorsolateral prefrontal cortex synchrony of run 2 could predict whether the individual would be a HP or a LP in the following run3 with 79.2% accuracy (Wilk's λ = 0.593, χ 2 = 10.962, df = 2,P = 0.004). Greater use of Pass correlated with stronger synchronous activity between left dACC and right precuneus in PASS run 3 (ρ = 0.559, P = 0.004; Fig. 5C ), but not in NO-PASS run 2 (ρ = 0.238, P = 0.262). In addition, stronger synchronous activity between left dACC and right precuneus showed a correlation trend with higher external attribution scores (ρ = 470. P = 0.021; Fig. 5D ).
Correlation Between Resting-State Functional Connectivity and Behavioral Response
Greater use of Pass demonstrated correlation with resting-state left dACC-left ventral striatum synchrony (ρ = 0.658, P = 0.001; Fig. 6C ). Discriminant function analysis demonstrated that the resting-state dACC-left ventral striatum and dACC-right ventral striatum synchrony could predict whether the individual would be a HP or a LP in the following run3 with 87.0% accuracy (Wilk's λ = 0.534, χ 2 = 12.543, df = 2, P = 0.002).
Correlation Between Resting-State and Task-Activated Functional Connectivity
The resting-state left dACC-left ventral striatum synchrony demonstrated a correlation with the task-activated left dACC-right anterior insula synchrony during NO-PASS run 2 (ρ = 0.436, P = 0.038; Fig. 7A ). Similarly, the task-activated left dACC-right anterior insula synchrony of NO-PASS run 2 correlated with the left dACC -right anterior insula synchrony of PASS run 3 (ρ = 0.659, P < 0.001; Fig. 7B ).
Discussion
Our results reveal 3 novel findings regarding neural networks implicated in uncertainty and the cognitive control of adaptive behavior. First, task-activated functional connectivity between the left dACC and the right anterior insula correlated with greater use of the Pass option, whereas functional connectivity measured between the left dACC and the right dorsolateral prefrontal cortex correlated with less use of the Pass option. Second, adopting the Pass option as a behavioral strategy correlated with lower nonplanning impulsiveness, which likely contributed to the aversive attitude toward ambiguity. Third, stronger resting-state functional connectivity between the left dACC and the ventral striatum predicted the adoption of Pas as a behavioral strategy and correlated with stronger task-activated synchrony between the dACC and the right anterior insula. 
Uncertainty-related Brain Activity
The contrast between uncertainty and certainty revealed significant BOLD responses in the dorsolateral prefrontal cortex, parietal cortex, and cerebellum, which imply that that the executive control network (Habas et al. 2009 ) was the primary brain system activated in response to the uncertain trials. Previous studies have shown that the brain responses to uncertainty largely depend on the demands of the experimental task (Huettel et al. 2005) , and that there is notable overlap between the neural networks associated with uncertainty and networks subserving cognitive control (Mushtaq et al. 2011) . The executive control network is likely linked to the cognitive processes implicated in the primary response selection between numerical estimates of Odd or Even. Comparing the 2 groups, it is noteworthy that the LP group demonstrated stronger cerebellar activity in response to uncertain conditions. The cerebellum has been reported to be involved in the habituation of exploratory behavior to external stimuli, while cerebellar lesions resulted in active or passive avoidant behavior (Caston et al. 1998; Bauer et al. 2011 ). We might speculate that the stronger activation of the cerebellum reflects the stronger exploratory motivation in the LP group, whereas the HP group recruited other networks to avoid the ambiguous conditions, which is discussed in the following sections.
Task Activated Synchronous Activity Between dACC and Right Anterior Insula During NO-PASS run 2, the HP group demonstrated synchronous activity between the left dACC and right anterior insula, which was not observed in the LP group. This relation is consistent with previous observations of stronger anterior insula activations correlating with greater harm avoidance and neuroticism (Paulus et al. 2003) . The dACC and right anterior insula comprise the anchor of the emotional salience network, and its functional connectivity was reported to correlate with subject ratings of prescan anxiety (Seeley et al. 2007) . Supporting evidence for the link between dACC and anterior insula in ambiguity-aversion derives from our correlation analysis. Stronger synchronous activity between left dACC and right anterior insula correlated with not only in PASS run 3 but also in NO-PASS run 2, when Pass was not even provided as a response option. These findings suggest that the synchrony between the dACC and the anterior insula is associated with ambiguity-aversive bias, which predisposes and shapes the cognitive processes responsible for response selection toward adopting Pass as a behavioral strategy. Although the dACC is considered the key region of cognitive control for performance adjustments (Ridderinkhof et al. 2004 ) and strategy preference (Venkatraman, Payne, et al. 2009 ), the role of anterior insula in decision making has usually been linked to the interoceptive representation of the Figure 7 . Correlation between resting-state and task-activated functional connectivity. Stronger resting-state functional connectivity between the dACC and the left ventral striatum (VS) predicted stronger dACC-AI synchrony in NO-PASS run 2 (A). In the same way, stronger dACC-AI synchrony in NO-PASS run 2 predicted stronger dACC-AI synchrony in PASS run 3 (B).
physical conditions and subjective feelings from the body, such as pain and disgust (Critchley et al. 2001) . Accruing evidence suggests more comprehensive role of the anterior insula for integrating current and predictive feeling states, which are modulated by individual preferences such as risk aversion and contextual appraisal (Singer et al. 2009 ). The anterior insula encodes both risk prediction and "risk prediction error," in analogy with the dopamine reward system, which encodes both reward prediction and reward prediction errors (Preuschoff et al. 2008 ). In our study, activation of the bilateral anterior insula in response to uncertainty occurred in NO-PASS run 2 but not in PASS run 3. This difference in local neural recruitment might be related to the risk prediction error between the predicted risk (50% chance) and the realized risk (predetermined correct rate of 22.2%), which was experienced in NO-PASS run 2 but was avoidable in PASS run 3.
In addition to the anterior insula, the ventral striatum was activated in the HP group in contrast to the LP group, which implies that avoiding the aversive ambiguous state, on the other hand, was perceived as a reward or relief (Andreatta et al. 2012) . Decision under uncertainty must consider both the magnitude of each outcome and the probability of its occurrence (Berns and Bell 2012) . While various regions-anterior insula and ACC-have been reported to encode information related to probability (Hsu et al. 2005; Huettel et al. 2006) , the ventral striatum has been consistently linked with processing information related to magnitude (Knutson et al. 2001) . Diverse integration processes of magnitude and probability information should contribute to the individual differences in decision under uncertainty (Berns and Bell 2012) .
Nonplanning Impulsiveness and Subjective Attribution
As hypothesized, the number of Pass responses correlated with lower nonplanning impulsiveness. In addition, subjects with lower nonplanning impulsiveness responded faster to uncertain trials. Although the attitude toward ambiguity cannot be linked to a single component, these findings indicate that individuals with lower nonplanning impulsiveness had a tendency to avoid uncertain trials. Traditionally, nonplanning impulsiveness has been assessed by the delaydiscounting task, which focuses on the inability of planning for the future. We can assume that individuals with higher nonplanning impulsiveness were more "present-oriented" and did not think in advance about the following PASS run 3 during NO-PASS run2. On the other hand, these findings might be related to another characteristic of nonplanning impulsiveness, which is lower cognitive complexity, that is, less willingness to do puzzles or thought experiments (Patton et al. 1995) . As a result, individuals with high nonplanning impulsiveness are prone to avoid complex mental activities that require evaluating and choosing between multiple response options (Kam et al. 2012) , which, in our study, may have contributed to keeping choices simple between Odd and Even and to avoiding a third response option (Pass). The 3 sub-traits of impulsivity are proposed to be dissociable and related to different cognitive processes subserving executive functions (Kam et al. 2012) . Although our findings provide evidence that nonplanning impulsiveness is inversely related to the ability to adopt behavioral strategies, this effect is not dissociated from other forms of impulsivity such as cognitive and motor impulsiveness.
The dACC-dorsolateral prefrontal cortex functional connectivity correlated with the number of nonpass responses, that is, Odd and Even. The dorsolateral prefrontal cortex is known to be a key node of the executive control network (Seeley et al. 2007 ) and decision making under ambiguous conditions (Krain et al. 2006) . In line with our findings, the dorsolateral prefrontal cortex is involved in willed action when making a choice from several response options without an explicit risk (Hyder et al. 1997) . The activation of the dACC and the dorsolateral prefrontal cortex in decisions involving ambiguity has been proposed to represent cognitive "cool" executive functions in comparison to affectively laden "hot" executive functions of the orbitofrontal cortex and rACC in decision involving risk (Krain et al. 2006) .
When participants made use of the Pass response, the functional connectivity pattern of the dACC changed and exhibited synchronous activity with the PCC and precuneus, which are key nodes of the default mode network (Raichle et al. 2001; Greicius et al. 2003; Fransson and Marrelec 2008) . Our data provide evidence that the exploratory usage of Pass, which enabled the subjects to avoid ambiguous conditions and reduce the need of high-order cognitive control (Pearson et al. 2009; , was accompanied with the recruitment of the default mode network. Our findings comport with previous studies that suggested the dACC plays a critical role in switching between the activation and deactivation of executive control network and the default mode network (Sridharan et al. 2008; Menon and Uddin 2010) .
The precuneus plays a central role in self-referential processing and the experience of agency, that is, the feeling that the self is the cause of action (Cavanna and Trimble 2006; Spreng et al. 2009 ), and consistent with findings reporting right parietal cortex involvement in agency processing (Yomogida et al. 2010) . A recent meta-analysis suggests that neural recruitment patterns differ depending on the sense of agency, with precuneus, temporo-parietal junction, pre-SMA, and dorsomedial prefrontal cortex recruitment during external agency; and insula recruitment during self-agency. In our study, external agency (reflected in high external attribution scores) was related to synchronous activity in the right precuneus and dACC. In other words, individuals who attributed uncertainty to external factors beyond their own control engaged a precuneus-dACC network more than those with an internal attribution, that is, the feeling that uncertainty is due to lack of information that could be overcome with effort (Kahneman and Tversky 1982) . Correspondingly, precuneus activations have been proposed as a neural measure of lessened cognitive effort and behavioral disengagement (Zhang and Li 2010) and dACC activations as neural correlate of decision-making and behavioral adaption to uncertainty (Sheth et al. 2012) . Thus, our data suggest that external agency contributed to the use of the Pass option, as a parallel cognitive process mediated through the precuneus (Cavanna and Trimble 2006) , reflecting decreased cognitive effort or an effort-avoidance attitude in individuals who "opted-out" of ambiguity by choosing the Pass option.
Resting-state Synchronous Activity Between dACC and Ventral Striatum Expanding our functional connectivity findings to the restingstate run, we found stronger intrinsic functional connectivity between the left dACC and the left ventral striatum in the HP group, which correlated with task-activated functional connectivity between the left dACC and the right anterior insula. The anterior insula and ventral striatum are structurally interconnected (Chikama et al. 1997; Fudge et al. 2005 ) and implicated in the categorization of uncertain stimuli (Grinband et al. 2006) . A recent combined functional connectivity and structure-based meta-analysis has reported that resting-state spontaneous activity in ventral striatum predicts activity in the insula (Cauda et al. 2011) . Furthermore, research in adolescents suggests that risky behaviors are associated with an imbalance between the regulatory circuit (dACC) and the reward circuit (ventral striatum; Van Leijenhorst et al. 2010) . These relations are consistent with our current findings by showing that resting-state dACC-ventral striatum synchrony correlated not only with dACC-anterior insula synchrony in the following task runs and also with behavioral strategy, that is, the percentage of Pass responses.
Conclusion
We investigated the functional network interacting with the dACC and its pattern in individuals who had a strategic preference in a decision-making context of ambiguity aversion. Our findings demonstrated that the functional synchrony between the left dACC and the right anterior insula were associated with ambiguity aversion, which correlated with lower nonplanning impulsiveness. In addition, the resting-state intrinsic functional connectivity between the left dACC and the ventral striatum correlated with the task-activated functional connectivity between the left dACC and the right anterior insula and predicted the adoption of Pass as a behavioral strategy.
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